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Abstract 
In this paper authors propose the alternative and eco-friendly supply chains to West Pomeranian power plants. Biomass a as 
source of green electricity provide a substantial contribution to the EU's overall CO2 targets. According to the European Union 
goals of decreasing emission of CO2 one way of dealing with these problems is to use clean and renewable energy sources. The 
authors analyze current ways of biomass transportation, considering its direct and indirect effectiveness. The alternative 
transportation chain based on inland shipping was described. All necessary technical and organizational arrangements were 
defined. This paper recommends that supply chains emissions should be included in the calculation of the energy industry carbon 
footprint. The decision to replace conventional sources of energy to eco-friendly ones should be based on ecological modes of 
supply transport. 
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1. Introduction 
Polish energy industry relies mostly on conventional power, meaning power involving the use of non-renewable 
energy sources. The structure of sources of electricity in our country has been immutable for many years now, with 
coal and lignite making the dominant contribution (Figure1). Renewable energy sources have a small, low 
percentage, share in production of energy. 
The European Union in 2020 has set quantitative targets for environmental liabilities. Thing called strategic 
objective “3x20%” includes (Załącznik do uchwały nr 202/2009 Rady Ministrów RP, 2009): 
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 reducing greenhouse gas emissions by 20% compared to the year 1990; 
 reducing energy consumption by 20% compared to EU forecasts for the year 2020; 
 20% increase of renewable energy shares in electricity generation in the EU, including a 10% increase in their 
participation in transport. 
Figure 1. Production of electricity by its source. Source: Based on (Report from www.ure.gov.pl, 2014). 
Directions of Polish energy policy are consistent with these strategic objectives. The most important demands 
placed on today are: improving energy efficiency, development of competitive fuel and energy markets, increased 
use of renewable energy sources including biofuels and also reduction of the impact of energetics on the 
environment. These strategic demands are closely related to each other, mainly because the increase in energy 
efficiency results in a reduction in demand for conventional energy and a higher share of renewable energy sources, 
which is associated with the protection of the environment by emissions reduction.  
Further discussion will address one of the fastest growing renewable energy materials, in Poland, which is 
biomass. The definition of this material is understood to be an organic material which includes carbon. At the same 
time, biomass is resistant to physico-chemical changes that occur, for example, in coal. The main factor in the 
formation of biomass is the phenomenon of photosynthesis and thus biomass includes forests, wood, vegetable 
waste as well as crops and wild plants. The three most commonly produced types of biomass in Poland, are 
(Frączek, 2010): 
 woodchips of forest origin; 
 woodchips from energy crops (e.g. willow); 
 straw pellets. 
The absence of sufficient quantities of this material in a country, increases the import of biomass from abroad. It 
then takes the form of a coconut shell or pellet from olive or palm tree seeds. Raw materials are imported largely 
from Africa or Asian countries. The main motivation for the implementation of such long supply chain is the low 
price of imported biomass (Ciechanowski & Krawiec, 2008, Gronowicz, 2004) . Taking into account the main goal 
of reducing the negative impact of energy on the environment, adverse emissions related to the transport of biomass 
should also be considered. The longer the transport the larger the so-called “carbon footprint” of each unit of 
produced energy. Additionally, extremely important for this calculation is to eliminate highly emissive transport 
along the route of the raw material supply, e.g. from plantation to power plant. 
The purpose of this analysis is to show the feasibility of the task, which is to supply biomass to the selected 
power plants in Poland. The analysis focuses on supply chains that run through urban areas, in which the negative 
impact of transport on the environment has to be limited in a special way. The main area of this study will be widely 
understood Szczecin agglomeration with power plants belonging to the Dolna Odra Power Plant (DOPP). 
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2. Supply chains of biomass into power plants in Szczecin agglomeration 
Dolna Odra Power Plant (DOPP) is the most important entity of energy production in North-West Poland and 
includes three power stations located in the widely understood Szczecin agglomeration. 
• Dolna Odra Power Station (DOPS) - located approximately 30 km south of Szczecin city center, near Gryfino. 
• Combined Heat and Power Station Pomorzany (CHPP) - located in the district of Szczecin – Pomorzany. 
• Power Station Szczecin (PSS) - located in the port region of Szczecin, between the left-bank and right-bank of 
the city. 
The origins of the introduction of biomass into DOPP goes back to 2003. The study began investigated biomass 
as part of co-combustion. In DOPS co-combustion process mainly uses derived from agricultural production, with 
an average weight fraction of biomass in combustion not exceeding 14%. In 2012 in PSS, it was put to use in 
Poland's largest BFB boiler, which burns biomass at 100%, and is capable of producing, in a year,  over 440 MWh 
of so-called green electricity and 1900 GJ of heat . 
Today ongoing biomass supply into DOPS and PSS are implemented on the basis of road and sea transportation. 
Biomass delivered to PSS comes primarily from imports, whereas DOPS is supplied from the local market. 
Unfortunately a negative part in the supply is the road transportation required. 
PSS deliveries extend in the following manner (Figure 2). Vessels loaded with 12000-15000 tons of cargo arrive 
to the Port of Szczecin, near the location of the power plant. After unloading at the storage yard located in close 
proximity to the wharf, biomass is transported by road at a distance of no more than 2 km. After leaving the port, 
cars travel some 700m through Gdańska Street , the major road connecting the left-bank and right-bank of Szczecin, 
and it then enters into PSS. After crossing the gate the truck arrives at the scale, which is a distance of about 100m 
from the entrance gate, where the driver weighs his car and receives the result of the measurement. Then chooses 
one of the two unloading positions where the biomass is discharged. The empty truck leaves in the same way, also 
with a weight measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Biomass supply for Power Station Szczecin (PSS). Source: Own. 
The delivery of biomass for the DOPP is done exclusively by road transportation (Figure 3). The area of supply 
of biomass is now up to about 150 km from the location of the power plant. The radius of the supply is directly 
proportional to the probability of the biomass supply, e.g. if the radius is about 75km the probability is likely to be at 
the level of 15%, while if the radius is 100km the probability is likely to be at the level of 20%, but it should be 
noted that with the increase in radius it also significantly increases the cost of the logistics of biomass supply. The 
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supplier of biomass must take into account the time of work the truck drivers take to provide the full, harmonious 
and smooth supply of raw material to the power plant. 
The power plant enables the demand for a given amount of biomass into companies taking care of the supply, 
which then searches the area for even the smallest biomass businesses. Purchase rates of biomass are dependent on 
the heat load value expressed in GJ. When discussing the supply and transport of biomass, two market segments 
should be considered (Lewandowski, 2012): 
• raw material market, which is sourced straight from the field; 
• final product market, which is processed in the form of briquettes or pellets. 
The market of unprocessed material is burdensome for providers due to the very strong dispersal of sources of the 
occurrence of biomass. When a biomass supply system was created, something like a biomass base was established, 
where processed agricultural and forestry biomass is stored. A shuttle service to this base is done by local transport. 
In both cases discussed above, ongoing chains of biomass supplied into power plants located in Szczecin 
agglomeration, where suppliers are free to decide the mode of transport. They can use any means of transport by 
road, which has a capacity of any cargo. Carriers for both power plants mostly use low-tonnage vehicles that drive 
frequently, taking from 7 to 14 tons of biomass per one trip. The exception is the supply of unprocessed biomass of 
agricultural origin. Due to its large volume, these supplies are made by tractor units that have large cubic capacity 
but small load-carrying capacity. 
Generally the aspect of seasonality in the supply of biomass should be taken into account, since its acquisition is 
easier in the spring and summer. After its storage, in order to sell in the winter, there has to be an extra carefulness 
during the process of drying. Moist biomass has a lower calorific value, since part of the thermal energy generated 
during combustion is lost for heating and evaporation of moisture from the biomass. The process of reducing the 
moisture content in biomass is difficult because during drying the biomass can become explosive and flammable. 
Moisture of biomass is also an unnecessary burden during transportation, because it increases the costs of transport. 
3. Possibilities of using transport via inland waterway 
It is reasonable to analyze the possibility of a wider use of water transport, e.g. sea and inland waterway, in the 
supply of biomass (Figure 2 and Figure 3). Taking into consideration the conditions of the transshipment of biomass 
from marine vessels and its further transport by inland vessels, two important elements should be considered: the 
parameters of the waterway and the selection of water transport. 
In relation to the parameters of the waterway it should be noted that Port Szczecin, with particular emphasis on 
Basen Górniczy, as an entity that supports the bulk, has both waterfront and staff prepared to handle the 
transshipment of biomass onto storage sites as well as directly to inland vessels. Port Szczecin with its potential and 
transshipment capacity is able to handle 100% of the load of biomass directly to inland vessels. Basen Górniczy is 
located in a convenient location from the point of availability of inland waterways. A vessel would have to 
overcome one kilometer of inland sea waters to enter the inland waterways where the Vb Class navigability allows, 
with no major obstacles, to pass the selected section of the waterway. The advantage of this waterway is also the fact 
that it merges with inland waterways in Germany and further along the way with Western Europe. 
Biomass supply for PSS using water transport is conditioned by the usage of the existing power plant pool, which 
was once used during coal supplies. Above the pool there are two cranes: hook and gantry cranes with a capacity of 
8 tons each. Barges with biomass could arrive on the Parnica river which combines power plant pool with the Basen 
Górniczy region. The only existing limitation today is the depth of the power plant pool, which currently does not 
allow for mooring of loaded standard barges. 
Ultimately, there are possibilities of biomass transport directly to the power plant, which would significantly 
reduce the cost of transport. In addition to dredging and wharf adjustment, it would be necessary to adapt the storage 
yard for the storage of biomass in order to dry. During transport by sea in a closed hold biomass can decay, and the 
biomass used in the production of electricity must be dry and dusted. 
Other considerations relate to the supply of biomass into Dolna Odra Power Station (DOPS). Currently in the 
DOPS, inland waterway transport is impossible due to the non-existent infrastructure. This power station, since its 
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beginning has focused on the transport of coal by rail. Back in the eighties and nineties of the twentieth century 
DOPP authorities had plans to build an inland port in so-called Cold Channel (Zimny Kanał), which is an artificially 
created channel supplying water from the East Oder to the power plant. Unfortunately, this idea was never executed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Biomass supply by waterway to the Power Station Szczecin and Dolna Odra Power Plant. Source: Own 
Distance measured by water from Basen Górniczy to the waterfront in Gryfino at km 718 is about 22 km. The 
river in this section, rather the intersection of Regalica Parnica - from the entrance to the inland waterway, is a 
navigable route of minimum navigability dimensions, meaning: 
 50.0m width, 
 2.80m transit depth for more than 240 days a year, 
 800m radius of the arc, 
 5.25m minimum clearance under bridges at high navigational water, 
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The analyzed section has following navigational limitations (Joint publication under the direction of 
Trojanowski, 2006): 
 rail-road bridge 734.6km - the width of two bidirectional navigable spans - 35m 
 railway bridge with a draw span km 733.7, 
 draw spans - 12.73m width, 
 fixed span - 2.96m vertical clearance  
 road bridge in Gryfino km 718.18 - vertical clearance of navigable spans 5.17m. 
Taking into account the need to unload the biomass at the shortest possible distance from the Dolna Odra Power 
Station and its reception facilities or storage areas it should take into account the possibility of preparing and 
unloading of inland vessels in the Cold Channel at km 713.30, about 27 km from the Basen Górniczy. The south 
shore of the channel could be considered as a possible location for storage yards. No data regarding the depth of the 
channel allows, at present day, conclusions to be drawn as to locate even a temporary mooring position. 
Waterfront and their technical parameters mentioned earlier and exploitation parameters of the waterway allow 
the operation, i.e. load, unload and a movement of typical inland vessels described below. Within this section the 
waterway has sufficient depth and width necessary for the transport of biomass. Additionally as this section of the 
Lower Oder is introduced, the only one in Poland, the river information system RIS is supporting vessel traffic 
management. 
Within the described section it is possible to operate pushed convoys made up of a pusher and 2 or 3 lighters, 
which would allow the transportation of 1500 tons of biomass cargo at once. Pushers with lighters form pushed 
convoys, which allows them to be in the place of loading or unloading so that the pusher can handle more. Most of 
these units have covered cargo spaces which helps to protect the biomass from atmospheric conditions. 
Characteristics of selected vessels (Joint publication under the direction of Kreft, 2009, Kulczyk & Winter,  
2003): 
 Pusher “Bison” (2 diesel engines of 160 hp each, maximum speed of 11 km/h); 
 Pusher “Moose” (engine with 200 hp, maximum speed of 10 km/h); 
 Pusher “Wisent” (2 diesel engines with a total power of 360 hp, maximum speed of 12 km/h); 
 Pusher “Mouflon” (engine with 700 hp, maximum speed of 11.2 km/ h); 
 Lighter OBP – 500 (480t dwt , length 45.3m, width 8.9 m, height 1.7 m, draught 1.61m); 
 Lighter BP – 400 (380t dwt, length 35.0m, width 8.7m, height 1.70m, draught 1.5 m); 
 Lighter BPP - 500K (511t dwt, length 46.9m, width 8.6m, height 1.7m, draught 1.5m). 
Both self-propelled barges and ones without a drive were proven useful on this section of the waterway. It needs 
to be noted that the navigation conditions on the Cold Channel are not known, and the selection of units 
maneuvering there will depend on the results of measurements. It would also be possible to improve these 
conditions, which would require major effort and cost. It can be said that the transportation of biomass from the Port 
of Szczecin to Dolna Odra Power Station is possible and feasible. An important task would only be the preparation a 
fan unloading post. 
4. The analysis of the environmental impact 
Taking into account the existing and alternative supply chains for biomass into PSS and DOPS, we can calculate 
the differences in the generated carbon footprint created by transport. The idea of an alternative supply option, is to 
supply two power plants in biomass imported via a waterway using a short and long barge bridge. For both barge 
places for docking and mooring of vessels are waterfronts at the Basen Górniczy. Significant technical and 
operational data include: 
1. mass of transported biomass - 2000t/month 
2. transport distances for supplies to PSS:  
 road transport (Basen Górniczy – PSS) - 2km 
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 river transport (Basen Górniczy – power plant pool) - 1.5km 
3. transport distances for supplies to DOPS: 
 road transport (the average distance) - 100 km 
 river transport (Basen Górniczy – DOPS) - 27 km 
4. road transportation - road convoys with a bearing capacity of 12t.  
5. in both variants vehicles and vessels are not re-loaded which means 50% of runs are empty. 
6. river transportation – pusher convoy with a pusher and two lighter with a capacity of 800t and weight of 
100t. 
 
Based on the above assumptions and unit values for the emissions of CO2, emission values were calculated using 
the following dependence (Cefic Report and ECTA, 2011): 
 
CO2 emissions = Transport volume by transport mode x average transport distance by transport mode x average CO2 
emission factor per tonne-km by transport mode. 
[tonnes CO2 emissions = tonnes x km x g CO2 per tonne-km / 1.000.000] 
 
The emission factors units were adopted from the previous studies results (Table 1, Table 2). The results obtained 
were broken down by individual transport relations and the selection of means of transport, are as followed: 
1. Current deliveries to the PSS: 
E1a=12 t x 4km x 128,1 gCO2/tkm = 6149 gCO2/transport 
෤E1a=2000/12 x 3074 = 1024800 CO2/month 
 
2. Alternative deliveries to the PSS: 
E1b=800 t x 3km x 39,3 gCO2/tkm = 47160 gCO2/transport 
෤E1b=2000/800 x 3074 = 117900 gCO2/month 
 
3. Current deliveries to the DOPS: 
E2a=12 t x 200km x 128,1 gCO2/tkm = 307440 gCO2/transport  
෤E2a=2000/12 x 3074 = 51240000 gCO2/month 
 
4. Alternative deliveries to the DOPS: 
E2b=(800 t x 27km x 70,8)+(100 t x 27km x 27,3)gCO2/tkm = 152928g CO2/transport 
෤E2b=2000/800 x 3074 = 4007475 gCO2/month 
 
The benefits of reducing carbon emissions through the change of the means of transport from road to waterway 
are significantly big. Proportion ratios show higher than 8-fold decrease in CO2 emissions for the supply to PSS and 
higher than 12-fold for the supply to DOPS. 
 
෤E1a/෤E1b=8,69, ෤E2a/෤E2b=12,79 
Table 1. Barge CO2-emission factors (gCO2/tonne-km). 
Solid Bulk Barges 
50% load factor  
 
gCO2/tonne-km 
Upstream Downstream Canal 
800 t  70.8  27.3  39.3  
1250 t  62.6  24.1  34.3  
1750 t  57.7  22.3  31.1  
2500 t  46.0  18.1  25.8  
Source: (Schmidt, 1999) 
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Table 2. Carbon emission factors (gCO2/tonne-km) for 40-44 tonne trucks with varying payloads and levels of empty running. 
Payload 
[t] 
% of truck-kms run empty 
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 
10  81.0  84.7  88.8  93.4  98.5  104.4  111.1  118.8  127.8  138.4  151.1  
11  74.8  78.2  81.9  86.1  90.8  96.1  102.1  109.1  117.3  127.0  138.6  
12  69.7  72.8  76.2  80.0  84.3  89.2  94.7  101.1  108.6  117.5  128.1  
13  65.4  68.2  71.4  74.9  78.9  83.4  88.5  94.4  101.3  109.5  119.3  
14  61.7  64.4  67.3  70.6  74.2  78.4  83.2  88.7  95.1  102.7  111.8  
15  58.6  61.0  63.8  66.8  70.3  74.2  78.6  83.7  89.7  96.8  105.3  
16  55.9  58.2  60.7  63.6  66.8  70.5  74.6  79.5  85.1  91.7  99.7  
17  53.5  55.7  58.1  60.8  63.8  67.2  71.2  75.7  81.0  87.2  94.7  
18  51.4  53.5  55.8  58.3  61.2  64.4  68.1  72.4  77.4  83.3  90.4  
19  49.6  51.5  53.7  56.1  58.8  61.9  65.4  69.5  74.2  79.8  86.5  
20  48.0  49.8  51.9  54.2  56.8  59.7  63.0  66.9  71.4  76.7  83.0  
21  46.6  48.3  50.3  52.5  54.9  57.7  60.9  64.5  68.8  73.9  80.0  
22  45.3  47.0  48.8  50.9  53.3  55.9  59.0  62.5  66.5  71.4  77.2  
23  44.2  45.8  47.6  49.6  51.8  54.3  57.2  60.6  64.5  69.1  74.7  
24  43.2  44.7  46.4  48.3  50.5  52.9  55.7  58.9  62.7  67.1  72.4  
25  42.3  43.8  45.4  47.3  49.3  51.7  54.3  57.4  61.0  65.2  70.3  
26  41.5  42.9  44.5  46.3  48.3  50.5  53.1  56.0  59.5  63.6  68.5  
27  40.8  42.2  43.7  45.4  47.3  49.5  52.0  54.8  58.1  62.1  66.8  
28  40.2  41.5  43.0  44.6  46.5  48.6  51.0  53.7  56.9  60.7  65.3  
29  39.7  41.0  42.4  44.0  45.7  47.8  50.1  52.7  55.8  59.5  63.9  
Source: (McKinnon, 2014) 
5. Conclusions 
The analysis of selected aspects of the transport of biomass in the supply for the energy industry has shown 
beneficial aspects of using waterway transportation. Road transportation, which dominates the transport of goods in 
Poland and Europe, is also the most commonly used means of transport for the energy industry. The radius of the 
biomass supply of up to 150km favors this option and meanwhile reduces the possibility to use other means of 
transport, due to its lack of profitability. 
It has been shown that there is a beneficial alternative to road transport to power plants with access to navigable 
waterways. This is the case in Szczecin agglomeration. Sea transport directly to the power plant, is possible only in 
the case of Power Station Szczecin , which has access to deep water. However this involves investments in port 
infrastructure. The analysis showed that both power plants analyzed, i.e. the Power Station Szczecin(PSS) and the 
Dolna Odra Power Station (DOPS), may without considerable effort create the conditions for handling barges. The 
logistics solution is to run two independent barge connections, connecting deep-water waterfront with these power 
plants. We can talk about a kind of two ecological barge bridges taking over transportation tasks, which are 
currently carried out by road. 
Looking at the aspect of the eco-logistics of biomass supply to power plants, the proposed solution allows a very 
large reduction in the emissions of carbon dioxide. This argument should have a decisive influence on the choice of 
the means of transport. If energy policy in Poland is willing to use renewable energy sources for electricity 
production it must take into account the harmful factors present during its production. E.g. in wind turbines, power 
plants have a large impact on the environmental degradation with emission of sound waves created by a working 
windmill. In hydropower plants it should be noted that they do not reduce the population of juvenile fish and will 
not cause degradation of the aquatic ecosystem of the entire region. 
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